Hygienic and microbiological examinations of watercourses are usually not carried out during heavy rainfall and runoff events. After rainfall or snowmelt, there are often massive increases in turbidity in flooding creeks in mountain ranges, which are frequently interpreted as an indication of microbial contamination. The aim of this study was to quantify the microbial loads of watercourses during such runoff events and to compare these loads with loads occurring during regular conditions. In a 14-month monitoring period we investigated the microbial loads of three tributaries of different drinking water reservoirs. A total of 99 water samples were taken under different runoff conditions and analyzed to determine physical, chemical, bacterial, and parasitic parameters. Thirty-two water samples were considered event samples during nine measuring series. The criteria for events, based on duration and intensity of precipitation, water depth gauge measurements, and dynamics, had been fixed before the investigation for each creek individually. Of the physical and chemical parameters examined, only the turbidity, pH, and nitrate values differed clearly from the values obtained for regular samples. Most of the bacteriological parameters investigated (colony, Escherichia coli, coliform, fecal streptococcal, and Clostridium perfringens counts) increased considerably during extreme runoff events. If relevant sources of parasitic contamination occurred in catchment areas, the concentrations of Giardia and Cryptosporidium rose significantly during events. The results show that substantial shares of the total microbial loads in watercourses and in drinking water reservoirs result from rainfall and extreme runoff events. Consequently, regular samples are considered inadequate for representing the microbial contamination of watercourse systems. The procedures for raw water surveillance in the context of multiple-barrier protection and risk assessment ought to include sampling during extreme runoff situations.
In some regions of Germany surface reservoirs are the main source of drinking water. In the state of North Rhine-Westphalia, 60% of the drinking water production in 1999 was based on surface water resources (2). Surface water bodies are presumed to be more vulnerable to fecal contamination than groundwater reservoirs due to the absence of natural soil protection and filtration and the possibly short distances between the occurrence of contamination and water extraction. It is argued that especially in the case of heavy rainfall the microbial loads of running waters may suddenly increase substantially and reach reservoir bodies very quickly (18, 19) . For this reason monitoring microbiological raw water quality is an essential component of the protection strategy in catchment areas of surface drinking water reservoirs (8) . In Germany, catchment areas of surface water supplies are usually protected by buffer zones, and the intensity of protection increases with proximity to the water body. Protection of entire catchment areas is the first step of the multiple-barrier protection concept (22, 33) , which demands integrated water management from precipitation to the tap. As a second step, there are regular microbiological surveys of raw water before treatment. However, the samples may be taken without regard to meteorological and hydrological conditions, since sampling under extreme rainfall and runoff conditions is not required (12, 33) . In fact, exceeded limits due to flooding, natural disasters, or unusual weather conditions are not taken into consideration (12, 30) .
Some studies have shown that there are correlations between microbial loads of stream water and the conditions mentioned above (1, 9, 10, 28, 31) , and the question is whether dry-weather sampling provides representative data for microbial contamination of reservoir tributaries throughout the year (5, 17, 31) , since the (Enhanced) Surface Water Treatment Rule of the U.S. Environmental Protection Agency includes an action level of 30 parasites per 100 liters of raw water and no parasites per 100 liters of finished water (17, 20, 28) . In this study we investigated the association of several parasitic and bacterial parameters with rainfall, runoff, and specific conditions in catchment areas of drinking water reservoirs in order to understand what factors are associated with peaks of contamination (4, 20) .
MATERIALS AND METHODS
An investigation of the microbial loads of three tributaries of different drinking water reservoirs and the land use patterns in their drainage areas was performed. In a 14-month monitoring period (January 1997 to February 1998), 99 water samples were taken from the main tributaries under different runoff conditions and analyzed to determine physical, chemical, bacterial, and parasitic parameters. A total of 32 water samples, taken during nine sampling series, could be classified as event samples (ES). An analysis of the dynamics of these samples during extreme runoff conditions and a statistical comparison of ES with regular samples (RS) were carried out to assess the influence of flood periods on total annual contamination loads.
Selection of sample locations. For this investigation, the main tributaries of three different drinking water reservoirs were chosen ( Fig. 1) . To guarantee precise sample reproducibility, the sampling points were located directly above the reservoirs, in the vicinity of water gauges.
The sampling points and tributary areas selected reflected different catchment area conditions. One watercourse represented a catchment area where to a large extent there was no anthropogenic influence (Nauholzbach). The second tributary represented a catchment area heavily influenced by pasture land for dairy farming (Kall), whereas the third tributary was chosen in order to monitor additional effects of treated wastewater discharge. Thus, the catchment areas of the tributaries investigated had very different geoecological structures, and they have been characterized in detail previously (19) .
The catchment area of the Nauholzbach (3.27 km 2 ), a tributary of the Obernau reservoir, is almost completely covered with forest (98%) and is rarely affected by agriculture or settlement. The density of fallow deer (15 animals/km 2 ), however, exceeds the ecologically tolerable limit, 5 to 10 animals/km 2 . The catchment area of the Kallbach, the main tributary of the Kall reservoir, extends over 19.7 km 2 of hilly landscape. Moors and wetlands were formed in this area because of the prevailing climatic, geological, soil, and morphological conditions. Water flows mainly on or just beneath the surface. A wide drainage system has changed the runoff conditions substantially. As a result, during heavy rainfall runoff increases very rapidly. Agricultural land use (exclusively pasture land for dairy farming) comprises 56.3% of the Kall study area, whereas 19% is forest with a relatively low density of fallow deer (four to five animals/km 2 ). Eighteen farms have local sewage treatment facilities. A total of 3,500 people live in the catchment area. All nonfarming households are connected to public sewage systems. The processed wastewater is piped out of the Kall catchment area. Ten percent of the area belongs to Belgium and because of this is not subject to national water protection regulations.
The Wahnbach study area comprises 45 km 2 . The soils are mainly formed by loess and are intensively used for agriculture (63% of the area). Erosion is a major problem. Woodland covers 21% of the catchment area. A total of 16,000 people live in numerous small settlements, some of which still are not connected to public wastewater treatment systems. Two sewage plants in the catchment area discharge their treated wastewater into the Wahnbach tributary right above the reservoir.
Criteria for sampling during extreme rainfall and runoff events. For each site investigated, criteria for event sampling could be defined based on long-term flood-monitoring data. Continuous precipitation was used as a general criterion. However, a rapid increase in water depth exceeding a flood threshold value was decisive for obtaining an ES. For each creek, specific values for the summer and winter seasons could be derived from long-term water depth measurements. Additionally, the steepness of the water level increase played an important role in defining flood events, because the level is affected by the kind, amount, and course of precipitation, as well as by site-specific environmental factors. Frequently, water levels rise more rapidly after a heavy rainfall in the summer than in the winter.
Meteorological and hydrological parameters. Rainfall and air temperature data recorded at representative weather stations and continuous runoff records for the creeks investigated were utilized for characterization of the site-specific water balance. The data were used to calculate weekly sums (precipitation) or weekly arithmetic means (temperature, runoff). Long-term monthly means for rainfall and air temperature were used to evaluate the hydrologic and meteorological situation during the study period. In addition, air temperature, rainfall, water depth, and runoff velocity were recorded during sampling. In the case of event sampling, supplementary records for rainfall and runoff conditions with high temporal resolution (0.5-h records) were obtained retrospectively from the reservoir operating authorities.
Water sampling, preparation, and analysis. At the onset of an event with heavy rainfall and runoff, an ES series was initiated. One series included up to five single water samples obtained at 1-to 2-h intervals. When an RS (RS were taken every 2 weeks) coincided with an event, the sample was considered an ES.
Parasitological sampling was carried out by using a wound polypropylene cartridge filter with a nominal pore size of 1 m. The filter case was connected to a water pump which pumped about 500 liters of water through the filter. The flow rate was adjusted to 2 liters/min. When the flow rate fell below 2 liters/min, sampling was stopped. Turbidity and pH values were obtained on site. For further chemical and bacteriological analyses, water was pumped into suitable receptacles. The material was cooled, immediately transported into the laboratory, and processed on the same day.
Physical and chemical parameters were analyzed according to the German regulations for water, sewage, and sludge analysis (32) . General colony counts at 20 and 37°C (CC 20°C and CC 37°C, respectively) were obtained by the pour plate method (12) , whereas coliforms, Escherichia coli, Clostridium perfringens, and fecal streptococci were identified by membrane filtration (11, 30) . The parasites Giardia lamblia and Cryptosporidium spp. were recovered quantitatively by using the method of Her Majesty's Stationery Office comprising filtration, density flotation, and immunofluorescence (15 for independence from the other samples by using the one-sided t test for two spot checks with different variances (24) . The level of significance [P(␣)] was calculated after determination of the degrees of freedom. A P(␣) value of Ͻ0.05 was considered significant. To assess the contributions of chemical, bacterial, and parasitic loads during heavy rainfall and runoff events to the total loads in each drinking water reservoir, theoretical quantitative loads during an average event (means for all ES; medians for bacteriological and parasite parameters) were compared to loads determined for regular conditions (means for all RS; medians for bacteriological and parasite parameters). For the calculations, an event was assumed to last 12 h. The mean load for a 12 h-event was determined from the ES mean values. The contribution of this average 12-h event load to a theoretical annual load without events was calculated. This theoretical share was divided by the 12-h value expected under the assumption that runoff and parameter concentrations were constant throughout the year, as follows: 12-h expected value (EV 12 h ) ϭ 1/(365.24 ϫ 24/12) ϫ 100 ϭ 0.137%. Finally EV 12 h was corrected by considering the increased runoff under event conditions. In this way the factor EV 12hCorr was obtained, which quantified the additional load due to the increases in parameter concentrations.
RESULTS
During a 14-month investigation in which there were nine extreme rainfall and runoff events, a total of 32 ES were collected (Table 1) . Within the framework of ES collections seven ES series were obtained. In two cases (E.1 and F.1) ES collections coincided with RS collections. The results obtained with 67 RS collected at the same sites during the same time period were available for comparison.
Comparison with RS. The results of the comparisons of ES and RS are shown in Table 2 .
(i) Physical and chemical parameters. At the Nauholzbach the most conspicuous changes in concentration compared to the RS concentrations occurred with regard to the turbidity. While the turbidity never exceeded 3.8 nephelometric turbidity units (NTU) in 16 RS, it increased to a maximum of 93.8 NTU during the events; the arithmetic mean for seven ES was 47.4 NTU (arithmetic mean for RS, 1.3 NTU). The nitrate concentrations for ES always exceeded the mean of the nitrate concentrations for RS, and the nitrate concentrations for 57% of the ES exceeded the maximum nitrate concentration observed in RS.
At the Kall there was also a massive increase in turbidity compared to the RS values. The mean increased from 3.57 to 28.25 NTU. Clear increases in concentration were also observed for nitrite, ammonia, total phosphorus, and borate. On the other hand, the means and maxima for pH and nitrate concentration were below the corresponding values obtained for the RS.
At the Wahnbach, the mean turbidity (11.45 to 57 NTU) and the maximum turbidity (36.0 to 125.3 NTU) increased to extreme values during events. In contrast, the pH and nitrate concentration were clearly less than the corresponding values for the RS. The concentrations of nitrite, ammonia, total phosphorus, and borate changed only slightly.
(ii) Bacteriological parameters. At the Nauholzbach, the concentrations of quantitatively identified bacteriological parameters (CC 20°C, CC 37°C, E. coli, coliforms, fecal streptococci, C. perfringens) increased during extreme rainfall and runoff events; the medians increased about 1 to 2 log 10 , and the maximum values increased about 1 log 10 .
At the Kall and Wahnbach, the median and maximum concentrations of quantitatively identified bacteriological parameters increased about 1 to 2 log 10 .
(iii) Parasitological parameters. At the Nauholzbach, the median Cryptosporidium concentrations in ES reached 11.4 oocysts/100 liters, in contrast to the 2.4 oocysts/100 liters in RS. Giardia cysts were not regularly recovered.
At the Kall, the median concentrations of Cryptosporidium oocysts (ES, 14.3 oocysts/100 liters; RS, 2.65 oocysts/100 liters) and the maximum concentrations of Cryptosporidium oocysts (ES, 65.6 oocysts/100 liters; RS, 10.3 oocysts/100 liters) increased substantially during events, whereas the frequencies of recovery of Giardia cysts were low and no recognizable tendencies were identified.
At the Wahnbach, the median concentrations of Cryptosporidium oocysts (ES, 17 oocysts/100 liters; RS, 1.3 oocysts/100 liters) and Giardia cysts (ES, 12.4 cysts/100 liters; RS, 1.1 cysts/100 liters) in ES were clearly higher than those in the corresponding RS. The maximum concentrations also occurred in ES. In ES the Cryptosporidium concentrations reached 147.1 oocysts/100 liters (RS, 23.1 oocysts/100 liters), and the Giardia concentrations reached 21.6 cysts/100 liters (RS, 9.1 cysts/100 liters).
(iv) Student's t test for significant differences between ES and RS. At the Nauholzbach during extreme rainfall and runoff events, the turbidity and nitrate concentration increased significantly, but the pH was significantly lower. The total bacteriological parameters showed significant increases, whereas the parasite load did not increase significantly due to the high standard deviation for the RS (Table 3) .
At the Kall, the values for some physical and chemical parameters (turbidity and nitrite, ammonia, total phosphorus, and borate concentrations) increased significantly during events; the pH and the nitrate concentration, however, decreased significantly. Of the bacteriological parameters, only CC 20°C, CC 37°C, and the C. perfringens count increased significantly, as the concentration of Cryptosporidium did, whereas there was not a significant change in the G. lamblia concentration (Table 4) . At the Wahnbach, the turbidity and the borate concentration increased significantly in ES; the pH and nitrate concentration, however, decreased significantly. All of the bacteriological and parasitological concentrations increased significantly ( Table 5) .
Dynamics of parameters during extreme rainfall and runoff events. ES series were used to record the various runoff situations during different phases of the events (Table 1) . Sometimes the rising flood was registered, and sometimes the outgoing flood was registered. However, in all events, samples were immediately connected to the first wave and sometimes included the peak of the flood (Fig. 2 to 4) .
(i) Physical and chemical parameters. Most of the parameters (pH and nitrate, nitrite, ammonia, total phosphorus, and borate concentrations) remained relatively constant during an extreme rainfall and runoff event. Except for turbidity, the ranges of values remained narrow. At the Nauholzbach, the turbidity in ES series A was highest at the beginning of the sampling period, and the turbidity in ES series B was highest at the end of the sampling period. At the Kall, the turbidity was highest at the beginning of the ES series C sampling period and in the middle of the ES series D sampling period. At the Wahnbach, turbidity decreased in ES series H, which correlated with the outgoing flood. Therefore, in all ES series the highest turbidity values were recorded temporally close to the peak of the flood.
(ii) Bacteriological parameters. At the Nauholzbach the values for CC 20°C, CC 37°C, E. coli, coliforms, and fecal streptococci increased slightly but continuously in ES series A. C. perfringens was not detected. There was no visible trend at all in ES series B.
At the Kall, the values for all bacteriological parameters examined remained nearly constant in ES series C. In ES series D, the maximum values for CC 20°C, E. coli, and coliforms were reached close to the peak, but there was no uniformity or meaningful trend.
At the Wahnbach, the variance was very low. However, for ES series H the lowest values for most of the parameters occurred at the beginning, immediately after the peak was passed.
(iii) Parasitological parameters. At the Nauholzbach, the concentration of Cryptosporidium oocysts increased continuously in ES series A and reached the maximum value when runoff became greater again. During ES series B, the maximum concentration occurred in the rising flood (Fig. 2) . Giardia cysts were not recovered.
At the Kall, the concentration of Cryptosporidium oocysts decreased in ES series C with the outgoing flood, and Giardia cysts were not found (Fig. 3) . In ES series D, the Cryptosporidium concentration decreased while the peak of the wave passed. Giardia cysts were detected discontinuously; the highest concentration occurred at the peak of the flood. At the Wahnbach, the highest Cryptosporidium concentrations in ES series G and H occurred close to the peak of the flood, and the concentrations decreased rapidly thereafter. Giardia cysts were recovered discontinuously without any trend (Fig. 4) . In ES series I, the concentrations of Cryptosporidium oocysts and Giardia cysts decreased with the rising flood; the maximum concentrations were found in the first ES collected in this ES series.
Giardia cysts were regularly detected only at the Wahnbach, whereas Cryptosporidium oocysts were recovered at each creek.
Most maximum values occurred immediately before the peak of the flood was reached.
Contributions of heavy rainfall and runoff events to the total loads in drinking water reservoirs. The contributions of heavy rainfall and runoff events to the total loads in drinking water reservoirs are shown in Table 6 .
At the Nauholzbach, within 12 h under assumed average event conditions (n ϭ 7), 0.77% of the theoretical annual runoff (calculated for a year without any runoff events) drained into the reservoir. The additional nitrate load was very small, whereas the share of total phosphorus was 10.5% (13.6 times the EV 12hCorr ). Some of the additional bacterial load was much At the Kall, within 12 h under assumed average event conditions (n ϭ 11), 0.6% of the theoretical annual runoff drained into the reservoir. Except for nitrate and Giardia cysts, the values for the parameters were many times the expected values. Dramatic excesses were found for CC 20°C and CC 37°C (51 and 18% [84.9 and 30 times the EV 12hCorr , respectively).
At the Wahnbach, within 12 h under assumed average event conditions (n ϭ 14), 0.31% of the theoretical annual runoff drained into the reservoir. While the values for chemical parameters were only slightly higher or even lower (nitrate, nitrite) than the assumed values, the bacterial and parasite loads were dramatically higher (bacteria, 20 to 100 times the EV 12hCorr ; parasites, Ͼ10 times the EV 12hCorr ).
These results demonstrate that both absolutely and when values are corrected for runoff conditions, considerable additional loads are transported to drinking water reservoirs during heavy rainfall and runoff events.
DISCUSSION
The RS bacteriological analysis of the Kall and Wahnbach areas resulted in similar concentrations of fecal indicator bacteria, while the lowest level of bacterial contamination was seen at the Nauholzbach. Cryptosporidium spp. oocysts were frequently detected in all samples from the different tributaries; Giardia cysts, however, were detected less frequently (18) .
The ES indicated that the values and dynamics of turbidity and the bacterial and parasite loads were heavily influenced by specific hydrological conditions at the sites of the tributaries. The values for microbial parameters, especially the parasite load, increased to the maximum levels during heavy rainfall and runoff events. Even water samples from the Nauholzbach that were not affected by agriculture and settlement contained higher levels of microorganisms when there was precipitation.
The dynamics of the floods during the runoff events corresponded well with drastic increases in turbidity, whereas the changes in the concentrations of chemical parameters were nonspecific and some of these changes were not more than moderate. In most cases the concentrations of bacteriological parameters increased about 1 to 2 log 10 , with high variances. In the ES series, the dynamics, however, were low, in contrast to concentrations of parasite (oo)cysts, which followed the runoff dynamics. When parasites were detected in RS, the concentrations of the parasites in ES increased considerably.
Statistical analyses showed that there were significant differences between RS and ES which corresponded well with sitespecific environmental factors. At the Nauholzbach with its forests, significant increases in the nitrate and microorganism loads indicated that there was erosion and resuspension of river bottom and drain sediment, whereas the parasite load did not reach the levels in the other tributaries despite the fact that it increased. At the Kall, increases in the values for chemical parameters (except nitrate concentration) confirmed that water drained from pasture land and drainage systems were activated. The relatively small amount of Giardia cysts was as- 
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MICROBIAL LOAD DURING EXTREME RAINFALL AND RUNOFF 2193 sumed to result from processed sewage piped out of the Kall catchment area. At the Wahnbach, however, heavy loads of bacteria and both parasites reflected the influence of combined sewage overflows and discharges from sewage treatment plants on the creek. Only moderate correlations between parasites and other parameters, such as fecal microorganisms, especially C. perfringens (1, 6, 9, 27, 28) , turbidity (1, 9), or rainfall and runoff, which increased the concentrations of several feces-borne microorganisms (1, 9, 20) , have been reported. Many studies did not detect any statistically significant correlations between parasites and other microbial, chemical, and hydrological parameters (4, 16, 29, 31) . No significant correlation was found between Cryptosporidium oocyst concentrations and rainfall or river flow at 10 sites in the United Kingdom (3). Hsu et al. investigated small water systems in Taiwan for correlations with altitude and water quality parameters but found significant correlations only between Giardia and Cryptosporidium concentrations (16). Thurman et al. analyzed reservoirs and creeks at different sites in Australia for interactions among land use, rainfall, and water quality parameters but found no significance even though parasite and E. coli concentrations peaked after heavy rainfall (31) .
Relationships between meteorological parameters and microbial loads of fecal origin have been described. The concentrations of E. coli, coliform bacteria, and enterococci, as well as turbidity, increased after rainfall (1, 9, 10, 28, 31) . The concentrations of Cryptosporidium oocysts were found to be lower during dry periods, such as summer (14, 28) . Additional loading from non-point-source runoff (5, 7, 10) , as well as from river bottom resuspension, was determined to be responsible for the increases (6, 9, 13, 23, 25) . As most of the Giardia cysts observed had a nonviable morphology, resuspension of stream bottom sediment or suspension of soil and aged fecal material was assumed to be the major contributor to rainfall-induced increases in parasite concentrations (1, 31) . However, because of combined sewage overflows and reduced treatment of discharged wastewater during extreme runoff situations, sewage plants should not be excluded as point sources of parasite contamination (1, 5, 9, 14, 20, 21, 29) .
It has been argued that the lack of significant associations between different environmental variables and the parasite loads detected in previous studies was due to inadequate study design; the parasite assay may have been inappropriate, the number of parasite samples may have been too limited, the sampling scheme may not have been designed to detect correlations, or extreme rainfall situations may not have been included (1) . However, the intensity of correlations could also have been due to site-specific environmental factors or differences in parasite source contributions (5) .
The design of our investigation was geared to the additional bacterial and parasite loads that occur during flood events and therefore took previous experience into account, as described below.
Relationships between concentrations of Cryptosporidium oocysts and Giardia cysts have been investigated in several studies. It has been demonstrated that Cryptosporidium oocysts occur almost ubiquitously at concentrations that correlate strongly with dairy farming and densities of fallow deer in the catchment area. In contrast, the occurrence of Giardia cysts is principally associated with the presence of sewage and beavers (1, 5, 14, 17, 20, 26, 28, 29) . For this reason the geoecological situations in the catchment areas of the three tributaries were subjected to a small-scale systematic analysis using geographical information systems (18, 19) . This geoecological characterization revealed that no area is entirely unaffected by human activity and that each catchment area of the surface reservoirs is differentiated by environmental conditions. Relatively small but typical creeks that are used as sources for drinking water production in central Europe were selected because of their high sensitivity to changing conditions in the catchment area. Our results for small tributaries showed that there were significant relationships between parasite and bacterial loads and turbidity, as well as substantial loads added to the total annual loads during heavy rainfall and runoff events, in contrast to results obtained for some bigger rivers (1, 14, 29) .
For event sampling, exact criteria were defined beforehand to allow specific sampling instead of continuous but nonspecific monitoring of water systems (1) .
Several runoff events were studied by using close-mesh ES series to obtain information about runoff dynamics.
In addition to ES, RS were used for comparisons under identical sampling conditions.
To eliminate seasonal effects (14, 28) , RS were collected during a 1-year period. Preparedness to take ES was maintained during the same period.
The numbers of ES and comparative RS were large enough so that we could perform separate analyses of rivers with different site characteristics (3, 31) . Floods make extremely large contributions to the bacterial and parasite loads of drinking water reservoirs. So far, this has been taken into account only minimally, particularly when the annual microbial load is considered. Accordingly, inclusion of ES in assessments of pressures on the quality of surface water used for drinking water production is imperative to get an impression of the watershed-specific potential microbial loads of tributaries. In this way, a realistic microbial risk assessment can be made to estimate maximum loads in raw water for drinking water treatment in case of a short circuit in a reservoir. To stay on the safe side, if treatment procedures do not manage maximum load situations, water authorities should not take raw source water during high-water situations or they should use facilities for bypassing reservoirs during flood events (20) . Finally, national guidelines and international recommendations (e.g., World Health Organization guidelines) ought to integrate heavy rainfall and runoff events into the risk assessment process.
If there is a basic parasite load in watercourses, the concentrations of parasites increase to extreme values during flood situations. Parasite loads correspond well with runoff but cannot be adequately indicated by chemophysical or bacteriological parameters because turbidity is nonspecific and because fecal indicators do not necessarily correlate well with the occurrence of pathogens such as parasites. For this reason it has been concluded that reliance on the coliform group creates serious problems in measuring environmental quality and in FIG. 4 . Parasite concentrations at the Wahnbach gauge during ES series G (9 October 1997).
MICROBIAL LOAD DURING EXTREME RAINFALL AND RUNOFF 2195 assessing risks for public health (9) . Consequently, regular examination of surface water used for drinking water production should include parasitological tests for risk characterization. Natural conditions, as well as human activities, in catchment areas of surface reservoirs significantly affect the quality and safety of running and stored water (4, 5, 20, 26) . This study shows that for every situation at a watercourse an individual analysis has to be carried out, taking into account geoecological conditions in catchment areas as well as variability in precipitation and runoff. It is important to evaluate systematically the environmental conditions of the catchment areas and their roles in microbial contamination of surface water, in addition to routine analytical monitoring of chemical and microbial parameters of water samples. 
